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ARBRSTRACT

‘The development program for an optical equipment test kit is discussed In terms
of: (1) The equipment provided in the test Kit; (2) the packaging requirements of the
test kit, and (3) the methods and results of a preliminary acceptance test program per-
formed by the contractor on the test kit components. In addition, recommendations

are given concerning the future development of optical equipment test kits.
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; I INTRODUC I'ON
SR Lﬂ The purpose of this program was to develop a prototype optical equipment test kit k
LT i
< B compatible with field-testing requirements of image-viewing systems which include: !Q
3 :
4 H Microstercoscopes, stercomicroscopes, light tables, projection viewers, and simple h
5 DA magnifiers  The deliverable items included boath the optical equipment test kit and a \ ‘
I i? manual deseribing, in detail, the testing methods required for the proper utilization of ;e
;‘ the components of the test Kit. o
‘ || N
¥ This report summarizes the important subtasks that were performed in support ;"i
- ' . i of this test kit development program, including recommendations for future considera- \
l tion in terms of both the testing procedures and the test kit components.
' j-"; " “ The first main section of this report describies the optical equipment test klt includ-
Thir
- ing; hoth the components and their packaging requirements, The second main soctlon '
[ P
" roviews the results of a component testing program performed by the contractor for e
- .
EAN the purpose of preliminary component acceptance. The final section summarizes im- o
) L
3 A ” portant Information and results found within the time perfod of this developinent program. ‘
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SECTION 11

TEST KIT DESCRIPTION

A program monitor — responsible for the field testing of prototype optical cqulp-
ment such as microstereoscopes, stercomicroscopes, Hght tables, projection viewers,
and simple magnifiers — requires the capability to evaluate such cquipment {n a way
that will detect and In some instances quantify major diserepancies between actual per-
formance and performance requirements. These may include determination of fleld-

of-view, magnificution, resclving power, fleld distortion, astigmatism, pavfocality of

stercoscopic instrumente and zoom systems, phoria, image runout, interpupillary dis-

tance, eye relicf, vignetting, ficld curvature, and illumination level and varfablility.
A, COMPONENTS

In order to implement the evaluation capability, the optical equipment test kit has

been developed.  The components within this kit, as listed in Table I, provide accurate

l measurcment capability for all optical and mechanical tests specified in the manual of -
{” Testing Procedures for Optical Equipment Test Kits*. Note that each coiuponent within

; l the list has been assigned a test kit component (TKC) number to simplify referencing

‘:3 5 ' - procedures within this veport and the manual. In addition, reference is given to the

-
N

—~———

-t

and accuracy values listed in Table 1 are based on the component manufacturer’s speci-

fications.
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supplier, hasic materials, precision, and accuracy of the component. The precision b i
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B. PACKAGING

‘The packaging requirements of the optical equipment test kit have been fultilled

utilizing thice basic types of packages.

1. Case: A Skydyne A-B-S pterviontrile-Butadiene-Styvene) Thermoformed Ciasc
has been provided.  This particular case is the smallest standard Skydyne case that ¢an
be used to package all of the components in the test kit. The case is light welght, cor-
roslon vesistant, has gooo ,asulating properties, high fupact streagth, and a high
eacrgy-absorption capability,

*Contractor s manual DM -71-17, November 1971,
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TABLE 1.

pa | 2y tal

leeid  bsited

OPTICAL TEST KIT COMPONENT LIS|

PR

[T |

i
i oo | em Deseription Sopplter Materlal Precinion Aceuracy
S\_ B 1 Diopter Teleseope | Range: 4 to = 5 dioters Keuffel & Esser Glass 0.2 diopter 0.1 dipter
Lo X Company
S Lemgth: 3-1/15 in. (ciosed)
.4 Length: 3-1/2 in. (open)
srod Diameter: 1-3/8 in.
”l Field-of-View: 124
; 2 X Bveploce Widetield Eyeplece Bauseh & Lo Glass vty NA
4 Chrome loustng
3| Cromsline scale Bameter 21 mm Fdmurd Scieaific | Glass 01 mm
Retiele Outhogon il 10 mm
Scales - 100 divfsiuas
| Conecntiie Circte wm Edumund Scientific | Glass 0.5 mm
w Retiele necr re
0.5 mm o 12 mm
5| Mieroscope Grd | Diameter: 21 mm Faling Sorp. Glass 0.1 mmn
Retlele
4 G | Micvascope Gitd | Diameter. 21 mm Fdmund Scientifie | Glass 0.5 mm squares
Retlele
¢
i
/) 7| Micwscope vvia | pimenstons: 50 x 30 mm Max Levy Cromar Tolyester | 1.0 mm 0,01 min
/2 Film Hase
s | tane Fda Grids | diocnstons: 4 1n. x 310 Max Levy Cromar Polvester | 0.1 1n. 400003 in.
@ £0n x 9 in. Fibm Base 0.2 in
9 | Foeppl Vibrazion [ Dimeasions: 1 in. x 2 n. Glass 0001 in
Target Target Leagth: 0,23 In.
3 10| High-Resatution High-Contrast ek Corp. Migh-tesotutton | 16
1 Taiget 132600 lines mm Protographie *
h Dimenslons: 2 in. x 2 in. Pate
y
Lo
i
&
4
, '
! . , :

O e
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TABLE 1, OPTICAL TEST KIT COMPONENT LIST (cont'd.) "
¥ ..
Lok 1| Wigh-Kesolution | Low-Contrast ek Cory. High-Resolution | 176
1 Target 16-000 haes /mm Photographle : ‘
Dimenstons: 2 In. X2 In. .
! 8 12| Astigmotisin and | Dimcusions: 41, x 3 Ie. x 1/44n. | Contractar High-Besolution | Lomahs 1 0. 000 in. o
Orthogonality Photographle “ o
Target Plate i
13| Transparent Seale | Scale Lengh: 5 mm Contract High-Hesolution | 0,01 mm l
1| Teanslueont Seale | Lemgih: 10 em Edmun¢ Selemtific | Glass Slide 20 mm
w/Plastle Tape
q - 15 | Sage Micromcter | Dimenslons: 25 x 75 mm American Optieal | wlass 0.00 mm
i Seale: 2 mm length .
divided fnto 200 units
. 1| et s Longth: 50 em L. S sarren o ain-Chrvine 172 mm, 1 mm
, Wilth: 25,6 mm Spring-Temjered | 1732 In., 164 in
17| Machintst Scale angh: 6 In 12 mm, £ mm : N
empered | 168, 132,
\
| Tape Measure Length: 6 1t Sears Craftsman Metatlle ) L in
. Ietractable .
4 19| calipers Vernler Calipers Scars Craftsman | Stabnless ideel 1720 mm
- Length: ¥ In. 173000 in
g Capacity: §-5 6 in.
20 | Dl Indicator Dial Indicator [ arrett Co. | Steel 0,001 In |
and Stand Rarg in )
| .
N IR
. v y
’ B '
. . - . .
i e ~
. . “ .
] , . ,
» oyE
o | __ .
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TABLE I. OPTICAL TEST KIT COMPONENT LIST

Ttem Deseriytion scppller Matertal Precision Aceuracy
Diopter Telescope 110 - 5 diopters Keuffel & ¥ Grass 0.2 diopter 0.1 diopter
3x Company
1/16 1n. (closed)
Tength: 3-1/2 In. (open)
Ttameter: 1-3/3 in.
Ficld-of-View: 120"
2 | X Evepic Widefield Exeplece Pausch & lomb Glass with NA
Chrome Tlousing
3 | Crossiine seale Mameter: 21 mm Sdmund Scientifie | Glass 0.1 mm
Retiele Oithogonal: 10 mn
Seales = 100 divistons
s | Concentrie Circle | Diameter: 21 mm Edmund Selentiflc | Glass 0.5 mm
Concentric Circles
0.5 mm to 12 mm
s | Micrscope 6rut | iameters 21 mm Ealing Corp Glass 0.1 mm
Reticle
Microscope Gild | Diameter: 21 mm Edmund Sclentific Glass 0.5 mm squares
Reticle
7 | Microscope irid | Dimenslons: 50 x 50 mm Max Lew Cronar Polyester | 1.0mm 0.01 mm
Film Base
o | targe FiddGrids | Dimensions: 4 tn. x5 n. Max Levy Cronar Yolyester | 0.11n. +0.0005 in.
@ 9in. x9In. Film Base 0.21n.
5 | Foeppl Vil .cton Dimensins: 110, x2 n Faling Corp. Glass 0.001 1n.
Tanket Target Length: 0.25 In.
10| High-Resolution 1ligh-Contrast Ttek Corp. tigh-Resolution | 16
Tamet 16-900 lines ‘mm T hotogrzphic
Dimenslo . %2 40 Plate

/.
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TABLE 1. OPTICALT

/80

ST KIT COMPON.

G

Jobad

(2] (oem B )

NT LIST (cont'd.)

No. | ttem

Description

Supplter Matertal Preciston Aceuracy
11 [ tigh-Resolution Low Contrast Ttek Corp. High-Resolution (16
Target 16-800 linea /mm Photographtc
Dimeaslons: 2 in. x 2 in. Plate
12 | Astigmatiemand | Dinensions: 4 tn. x5 dn. x 1/41n “lesolution | Length: +0.0002 In.
Orthogonalty Photographle
Targer Piate
13 | Transparent scale | Scale Length: § mm High-Resolution | 0,71 mm
Photographic
Piate
10| Transtecent Scale | tength: 10em Edmund Sclentifle | Glass Sitde 2.0 m
» Plastic Tape
- 15 | Stge Micrometer | Dimenstons: 25 x 75 mm Ameriean Optical | Glass .00 mm
Scaie: 2 mm length
divided Into 200 units
16 [ Mo scale Longth: 50 em L Satin-Chrona 172 mm, 1 mm
Width: 22,6 mm Spring-Tempered | 1/32 in., 164 in.
17 | Sachintat Seate Length: 6 fn. LS. Sareett Co. | Satin-Chrome 12 mm, 1 mm
Spring-Tempe 164 in., 1732 in
18| Tape Measure Length 6 ft Sears Craftaman Metallle 1164,
Retractable
19 | Calipers Vernler Callpers Scars Craftsman Stataleas Steel 1720 ram
Length: 8 In. 171000 in.
Capacity: 5-516 fn.
20 | i tndieator Dial indicator 1. S. Starrett Co. | Steet 0,001 tn.
and Stand Range: 0.2 in
R ;, . Y g .
s y an 3 P £ Ao 2 .
AtF iR X ) i g Py’ it i <
¥ v ), itk . e
A [ PR ¥ 7
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N TABLE 1. OPTICAL TEST KIT COMPONENT LIST (cont'd.)
No. | tem Description supplter Materlal Preetston Accuracy
; 21 | surface Diameter: 2 in. Arthur Thomas Co. | Metallle Back ¥
g Thermometer Thick: 8/16 1 Glass Face
Range: 0-300°F
3 22 | Tonsion Tester 12 1. Spring Seale Chattilon Scales Metallic 207
23 | tole Punch V4 in. e SkV Office stecl N/A
Equipment
21 | Stop Watch Time Capacity: 30 min, Edmund Setentific [ Chrome-Plated 1710 sec
Sart, Sop, Reset hutvn :
25 | Light Meter Exposure Meter Weston Instruments
Photocle:trie Cell
Range: 0.2 10 6400 . c.
@ 26 | Hluminatr Dayligt Fluorescent American Ontical Metallie Base
Tamp and Cord Glass Tubes
! 27 | Variae Angle Magretie Mount Edmund Sclentific | Metallic Base ¥ A
Heflector or4-Surface Plane Mirror Glass Face
‘ Diaacter: 1-9/16 in.
23 | volartring Filter | iracnstons: 5o x5 In. x 0,01 n. | Fdmund Sclentific [ Plastic Acetate Crossed
Transmission
Maximam 27
20 | Speetral Filters Dimenslons: 3 in. x 3 in. Eastman Kndik Gelatin Fitm NA
. Red, Grew, and Plue Filters
30 | Neutral Denstty Dimeasions: 3 tn. x 3 in. Eastman Kodak Gelatin Film 10,03
Filters Density: 0.5, 1.0, 2.0
31 | Step Tablet 21-Step Tablet stman Kodik Film 10.03
Density Inererient: 0.15
Dimenstons: 1 {n, x 5-172 in.
e T ¥
A / 3
' < !
ot . 3
! | .
{ . 3 .
. W ; 7, .
# . .
N7y : - ! .
S .
o - - .
. £ i J o ?
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[ TABLE 1. OPTICAL TEST KIT COMPONENT LIST (coni'd.) >
R . .
N i No. Nem Description Suppller Material Preetston Accuracy
il & 32 | lens Brush 1in. Fiat Brush Fastman Kodak Camel Hair XA
N & 23 | Mand Magnifier Diameter: 3 In. Fdmund Sclentihic Glass A )
¥ Magnification: 2X ’
' at | Frashiight small Newark Electronics|  Chrome N/A .
! ¢ Wt. 3oz, Finish . s J
35 | case A-R-S Case Skydyne Acnlontrile- N v :
Dimenslons: Butatienc- )
19.3% 4n. x 14. 14 in. x 14,19 in. Styrene
7
R N ©
N "
- \’)
. . / !
A %
]
! : \
. 3
i s LI
. Y 5 ki B ! - .

o PR O 5 =R
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2. Package Inserts: Ethafoam expanded polyethylene is provided as a package
insert material. it ts light weight, durable, flexible, resistant to chemical attack by
preservatives or olls, and seals out environmental conditlons such as alr, water, and
dust. The insert provided conslists of three basic levels for component storage. The
pockets were designed to match the contours of thelr respective components, and the

overall insert contour was designed for the case previnusly described.

3. Component Packages: Most of the components provided in the test kit are

enclosed in individual j-ackages within the case insert. These individual packages con-
sist of plastic cases supplted hy the component manufacturers, plastic cases provided

by the contractor, and foamvelopes made of expanded foam plastic purchased by the

contractor. The seclection of the component packages was made to provide added protec-

tion for the components most susceptible to physical damage. For example, all glass
targets, microscope reticles, the diopter telescope, and the widefield evepiece were

provided w'th plastic cases.

S,
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SECTION 11

COMPONENT ACCEPTANCE TESTING

The component acceptance testing proccdures performed by the contractor were
designed as preliminary tests of component precision, accuracy, and feasibility. Addi-
tional acceptance testing is anticipated within the sponsor's testing facilities to deter-
mine the overalt value of each of the components in the test kit in terms of its ability
to> meet the sponsor’s test requirements for image-viewing systems and relfated equip-
ment. Final evaluation of the individual requirement for each of the components can

then be based on the results of these two testing programs.

The acceptance testing procedures performed by the contractor were divided into

three classes of inspection, as follows,

1. Class1 - IPrecision Testing: The cquipment and precedures utilized in these

tests nroduce very high accuracy and precision. They are comparable, and in some

cases traceable, to those utiliz::d by the Natlonal Burecau of Standards.

2. Class Il — Comparable Testing: These tests are pesformed using test kit com-

ponents evaluated in Class 1 as the standard of comparison.

3. Class ill -+ Visual Inspectlon: Visual inspection is utilized to detcrmine if the

test kit components meet the subjective standards provided by the component manufac-

turer.

Each of the components tested will be individually discussed within its respective

classification.
A. CLASS11INSPE’ TION

An outline of the methods and results of the Class I inspection procedures is given
in Table 1. Each of the component tests is described in the following discussien, using

the TKC numbers as the component reference.

1. TKC 1 — Diopter Telescope: The precisien and accuracy of the diopter tele-

scope are specified by the manufacturer in terms of diopters rather than in terms of

focusing distance and depth of focus along the instrument's optical axis. To calculate

8

pres Rt ; 5 o
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TABLE 11,

CLASS 1 INSPECTION OUTLINE

Semponent [Y seription

Mcthod of Inspection

I'recision

\ecuracy

Diopter Telescope

Oplical Rail

0,2 dioptlern

10X Evepieee

Nodal Slide Optical Bench

Crossilne Hetlele

Unitron Microscope

Cancemrie Cirele Reticle

Unitron Micruscope

Microscope Grid Reticle

taitron Micrescope

0.1 mm squares

Microscope Grid Reticle

Unitran Microscope

0.5 mm squarces

Microscope Grid (30 x50 mm)

Mann Comparator

1.0 mm squares

Foeppl Vihration Target

Unitron Microscope

0, 001 in.

Resolution Tarpt
(High-Contrast)

Microdensitometer

Approximately
20:1 coutrast
ratio

Resolution Target
{lrw-Contrast)

Microdensitonmeter

0.3 density
difference ¢ 0,05
at ¢4 lines ‘'mm

12

Astigmatism and
Qrtiogonality Targ2t

Mann Comparator

+ H 0002 in. or
+ » micrometers

19 l Transparent Scale

Microdensitnmeter

0.0 mm

15

Stage Micrometer

Microdensitometer

0.4l mm

.

16

Metal Sc e (50 em;

Hoke Gage Blocks and
Surface Piate

V.5and I min

t’e4 and 1,32 in.

Callpers

linke Gage Blocks

120 mm
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these values, more information must be known concerning the optical clements and

thetr physicul gositions within the 'lopter telescope; a theoretical analysis must then

be performed. Since such an analysis is beyond the scope of this program, the trans-

lation to focusing distance (based upon manufacturer’s specilications) is not presently

available. However, it is within the scope of this program to cvaluate the performance

of the dlopter telescope as it might be used unrer future operational conditions, such

as in the measurement of focus position along the optical axis of an image-viewing sys-

tem like a microstereoscope.

‘This evaluation (including measurements of the focusing distance, field-cf-view,

depth of focus, and resolution as functions of the diopter setting of the diopter telescope)

has been performed.  All measurements were made on a 3-meter oftical rail with the

diopter setting used as the specificd variable for each measurement. The measurement

data are listed in Tuble II1.

A plot of the focusing distance versus the diopter sctting, as shown in Figure I,

indicates that a nonlinear relationship exists between these variables. This was antict-

pated and is the basis for the conversion formula utilized in the manual for optical test-

fng procedures. Note that the focus position distance will increase very rapidly as the

diopter settling valucs hecome more positive. This seems to indicate that the useful

range of the diopter telescope, Jor measurement of focal plane positions within a micro

stercoscope system, will prebhably bhe within the -5. 0 to -3. 0 diopter range. An absolute

range cannot be esteblished at this time because the magnification and depth of focus of

the microstercoscope syt iem will both be important factors when using the diopter tele-
scope as a focus-position-measuring device. In addition, the depth of focus of the diop-
ter telescope cannot be greater, less sensitive, than the microstercoscope system
belng tested  Althoigh the depth of focus data given in Table 111 indicate 0.3 mm as
the most sensitive value. it is again important to realize that the magaification of a
stercomicroscope system will cifectively reduce this depth of focus. The value to
ihich this depth of focus will be veduced is left for future investigation ard will be fur-

1:.er discussed in the recomnmendations sectisn of this report.

2. TKC 2 — 10X Widefield Eyepiece: Manufacturers' specifications for evepieces

have been found to be quitc unclear in that an absolute tolerance is not generally estab-

10
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TABLE Mi, DIOPTER TELESCOPE TEST DATA*
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Focus Field RResolution
Diopter Distance of View Depth Observed Repeatability
Setting (mm) (mm) of Focus (lines/mm) Check _

-56.0
--4.8
- 4.6
- 4.4
-4.2
- 4.0
-3.8
~3.6
-3.4
-3.2
-3.0
- 2.5
-2.0

- 1,0

- 0.90

+1.0

211.6 317
223.3
232,17 42
245. 2 42
259.6
273.1 51
291.2
309. 6 61
335. 4 61
361, 1
386G.5 77
472.5 91
G14.9

1474.7 33u

240" 0 546

0.3

=100 mm

22.6

20,1

14.3

2.8

(OPTICAL BENCH LIMITATION)

Gl4.9

*These tests were performed Independently of any viewing instrument other than the
dlopter teiescope, The data will change, dependent upon the optical parameters of
any viewing system that is used In conjunction with the diopter telescope.
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Diopter Setting

=504

v LJ v L v Ll v v v L Ll v L] A A
0.0 0.2 0.4 0.6 06 1.0 1.2 t.4 )6 1.8 20 2.2 24 246 2.8 0
Focus Position in Meters

Figure 1. Focus Positlon versus Diopter Setting

lished and accepted through the industry. Therefore, rather than testing against the
manufacturer's specifications established for this 10X widefield eyeplece, the contractor
has performed a detailed measure of the magnificatlon across a 9. 5-millimeter field-
of-view. All mmeasurements were performed on a lens bench consisting of a nodal slide
arrangenment and precision lead screws. The lens bench was bullt espectally for the
contractor for the purpose of testing microscope nhjectives and lenses. The accuracy

of all measurements I8 ¢+ 1 micrometer.

T ¢ opttcal setup utilized to measure the magnificatlon Is ahown In Figure 2. A
high-resolution target is imaged by the 10X widefield evepliece and viewed through a
microscope sctup consisting of a 10X Zeiss objective and two 16X Zeiss cyepleces.
Joth the resolution target holder and the Zelss viewing mount were deslgned to provide
X and Y movement, I.e., perpendicular to the optical axis. The presence of a cioss-
line reticle In the focal plare of one of the Zclss eyepicces allows for comparison of a
movement in the target to the movement of the spatial image of the larget. The rela-
tionship between these distances determines the magnlification across the (leld-of-view

of the 10X wideficld eveplece.
12
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Nodal Mount

6-Watt Tungsten Source
Target Holder 10X Widelield

with X-Y ( Eyepiece 10X Zeiss
Movement e
Objective

r-— 160mm ——->1 Viewing System
with X-Y-2

Movement

/’

Crosshoir Raticle

16X Zeiss
Eyepieces

Figure 2. Lens Bench Arrangement for Measuring Eyepiece Magnification

A plot of the magniflcation values measued versus the distance off-axls is glven
in Flgure 3. The maximum error of magxification is observed to be 0. 15X across a

19, 0-millimeter field-of-view.

3. TKC 3 — Crossline Reticle: The crossline reticle has two scales, cach 10

millimeters in length and divided into 100 divisions te provide a precision of 0.1 milli-

meter.  Measurements to determine the location of the divisions were performed using
a Unitron Rescarch Microscope with a measarement azcuracy of ¢ 0. 0001 inch ( ¢ 2. 54

micromelers).

The rosults of these measurements are glven tn Table 1V, The maximum hortzodtal
scale error 18 10 micmincters at the 10 -millimeter division. ‘T.ie maximum vertieal
seale error 18 9 micrometers at the 6- and 10-millimeter divisions. All measured
errors are negligible compared to the manufacturer’s 0. 1-millimeter scale preciston

requirement.
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Optical Axis

Oy gy W

3
9.5 7.8 5.5 18 1. 0 Lt s 5.5 7.3 9.5 ¥
Distonce On and Off Axis (in mm) L
I }
Figure 3. Magnification Versus Distance from Optical Axis ?
“ TABLE 1V. CROSSLINE RETICLE TEST DATA ;
Measured Measured
“ Horizontal Horizontal Vertical Vertical
Scale (1inm) Scale (mm Scale (mm) Scale (mm
‘ '\ 0.0 n, 00U 0.0 0,000
?~; ‘ 1.0 0.998 1.0 1. 900
ll 2.0 1.996 2.0 2, 005
3.0 2.995 3.0 3. 003
Il 4.0 3.995 4.0 4. 003
‘ 5.0 5. 000 5.0 5. 002
o Il 6.0 6. 001 6.0 6. 009
7.0 7.000 7.0 7. 007
l] 8.0 8. 006 8.0 8. 008
. 9.0 9. 008 9,0 9, 008
. |‘ 10.0 10.010 10,0 10. 009
i
N
N . - el N " -
[ : , .
1 ' : * R )
7 4
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4, TKC 4 — Concentric Clrcle Reticle; This reticle consists of concentric circles

ranging in dlameter from 0.5 to 12, 0 mlllimeters with a preclsion of 0. 5 millimeter.
Mecasurements to determine the accuracy of tue cireles were made using a Unitron
Research Microscope with a measurement accuracy of & 0. 0001 inch (+ 2. 54 micro-

mcters).

The results of these measurements are glven in Table V. The maximum measured
error I8 12 micrometers for the 9. 5- and 10, 5-millimeter diametcr circles. All errors

are negligible comparced to the manufacturer's 0. 5-mitlimeter prectsion.

5. TKC 5 — Microscope Grid Reticle: This reticle eonsists of a 1-millimeter

square grid divided into fncrements of 0.1 millimeter. Measurements were taken of
all major divisions to determine the grid accuracy using a Unitron Research Microscope

with a measurement accuracy of & 0, 001 inch (¢ 2. 54 mlcromceters).
TABLE V. CONCENTRIC CIRCLE RETICLE MIEASUREMENT DATA

Circle Diamcler (imm)

Measgsured Diameter (mm)
s

12.0 12. 003
11.6 11. 492
11,0 10,997
10.5 10, 488
10.0 9. 989
9.5 9.488
9.0 8.992
8.5 8.493
3.0 7.995
7.5 7.494
7.0 G, 989
6.5 6. 490
6.0 5. 980
5.5 5. 002
5.0 5.002
45 t. 499
4,0 1, 000
a5 3.499
3.0 2,998
2.5 2,404
2,0 2, 002
1.5 1. 499
1.0 0,996
0.5 0,502
5
¢ ’ "
LY . i
: “ : ¢ L] L

\
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Tha results of these measurements are given in Table VI. The maximum errot
measured in the numerical direction {8 estimated to be icss than 2. 54 micrometers,
‘The maximum error in the lettered direction is estimated to be 3 micrometers. The
measured line width 18 approximately 4 micrometers. All errors arc considored negli-

gible compared to the 0, 1-miliimeter precision requirement of the grid.

6. TKC 6 — Mlcroscope Grid Reticle: This reticle contains a grid across the

entire 21-millimeter diameter of the reticle. The grid precision is specified by the
manufacturer as 0.5 millimeter per increment. Mcasurements were performed over

randomly sclected arcas of the grid to determine its accuracy using a Unitron Research

Microscope with a measurement accuracy of ¢ 0. 0001 Inch (£ 2. 54 micrometers).

The results of these measurements indicated that the maximum line-spacing error
in onc dircction was 4 micrometers in 20 millimeters. In the direction perpendicular
to this, the maxtmum linc-spacing error was found to ve less than 2, 54 micromceters
in 20 milliineters. The line width was found to be approximately 19 micrometers. All
errors are considered negligible compared to the 0, f-millimeter precislon require-

ment of the grid.

7. TKC 7 — Mlcroscope Grid: This i8 a square grid target with a length of 50

millimeters on cach side divided inte 2-millimeter squares. The base material is

Crona polyester and the target manufacturer specifies a 0. 0l-millimeter dimensional
accuracy. Mecasurements were performed over randomly selected areas of the grid to
determine its accuracy using a David W, Mann Comparator with a measurement accu-

vy of £ 1 micrometer.

The maximum measured error was found to be 15 micrometers in 50 mitllimeters.

The {ine witths of the ecentimeter divislons were approxtmately 150 micrometers and

the Hine widths of the millimeter divislons were approximately 80 micrometers. Note
that the measurad accuracy of 15 micrometers exceeds the 10 microniaters stated by

the manufacturer. I the target were to be used for high-precision quantitative measure-
merny, thin S-micrometer difference would probably be significant. llowever, the tar-
goet s ured only In subjective tests and its measured accuracy I8 still more than 60
times greater than its smallest grid size. Therefore, the measurement error {8 con-

sldered negligible compared to the manufacturer's grid precision.
16
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TABLE V1. MEASUREMENT DATA FORASTIGMATISM ANDORTHOGONALITY TARGET
Idcal Positions Actual Target Positions Error
X (nm) Y (mm) X (mm) Y (mm) X (mm) Y {(mm)
0 0 0 0 0 0
0,950 0 0,951 0 +0.001 0 .
2.540 0 2,539 0 - 0. 001 0 ; gf.. :
6. 350 0 6. 350 0 40,005 0 3
10. 795 0 10. 795 0 0. 000 0 ¥
19. 050 0 19,048 0 - 0,002 0 o,
44. 450 0 44. 449 0 - 0. 001 0 i
- 0,950 0 - 0.95 0 +0, 004 0 -
- 2.540 0 - 2,542 0 + 0. 002 0 l
- 6.350 0 - 6.352 0 + 0,002 0 Z
- 10.795 0 - 10.795 0 0. 000 0 ¢
- 19,050 0 - 19,052 0 + 0,002 0 ;
- 44. 450 0 - 44,451 0 + 0. 001 v
0 0. 950 0 0.952 0 + 0,002
0 2. 540 0 2,541 0 + 0,001
0 6. 350 0 6. 349 0 - 0.001
0 10,795 0 10,795 0 0. 000
0 19, 050 0 19, 051 0 + 0,001
g | ] 0 41, 450 0 44. 450 0 0. 000
, 0 - 0,950 0 - 0,952 0 +0.002
| }g 0 - 2.540 0 - 2.540 0 0,000
- 0 - 6.350 0 - 6.349 0 - 0.001
H 0 - 10,793 0 - 10,797 0 40,002
Wi . 0 - 15, 050 0 19. 051 0 + 0,001
” | I 0 - 41, 450 0 11, 451 0 +0.001
44,450 44, 450 44, 448 44. 451 - 0. 002 40,001
” - 14,450 14, 450 - 44,452 44,451 + 0,002 40,001
. 44. 450 - 44, 450 44, 449 - 44, 452 - 0,001 -0.002
H - 41,450 - 44,450 - 44,451 - 4. 451 40,001 - 0,001
17
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8. TKC9 — Foeppl Vibration Target: This target contains 20 palrs of 0. 001-inch

dots converging on a single dot. The distance between each pair of dots increases at a i i L ’
rate of 0, 001 fnch to a maximum of 0. 02 inch in the last palr. All pairs of dots are Iy ',,:;\ : 4
cqui-spaced over 0,25 Inch. Mecasurements were performed to determine the accuracy

of the dot separation.

9. TKC 10 —~ High-Resolution, 1ligh-Contrast Target: A high-resolution, high-

contrast three-bar target has been included in the test kit. It has a resolution range

from 16 to 912 line pairs per millimeter and Includes resolution tner :ments specificed 3;
6 ' ;
by multiple steps of 21/’ within each of its 6 groups. In addition, all bars are speci- . i .

fied as having a 5:1 aspect ratlo (length-to-width ratic). ‘The selection of the target

included in this kit was based upon mutual agreement between the contractor and the

sponsor's technleal representatives. <
. : :

Two measurcment procedures were petformed (or the evaluation of the resolution ;
target. The first procedure was a subjective evaluation of the resolution target using ] : :
the Unitron Research Microscope at various magnifications up to 600X. The second .
procedure was a quantitative evaluation of the resolution target using a microdensito-

meter,

i

The subjective tests Indlcated that eax resolution clement could be tdentifled up Bt . L e
LI

" to and Including group 9 clement 6, which corresponds to 912 line palrs per millimeter, ; S 1
In additlon, the element bars were consldered to L.e recognizub» as reclangular bars {

H throughout the resolution range.

The objective test results are shown in Figure 4. The entire target was scanned : ot
H u sing a submicrometer spot size o minimlze degradation of the density response due
. \n the scanning aperture, It 18 + ;adily apparent that the target contrast is not uniform
H acvoss all resolution elements, where the contrasy, ¢, I8 dzfined In terms of the target

deneity difference, 9, by

H s Logtt A

The definition of a high-contrast target, as given in Mil-8td-150A\, specities a

EEE

density dHfference exceeding 2. 00 between Hght and black arcas.  This criterion is
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Target Description = Grovp 4 Torget Descriprion - Giowp §
Scon Speed (mm/min) ~ !.0mm/min Scon Speed (mm ‘min) = 0.50 mm ‘min
3.09 Chort Speed (in‘min) = 4 in‘min Chort Speed (in min) = 4 in’min
Chart Increment = Tin + 250 Chart Increment - Vin = 1250
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S
X
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H
§
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Figure 4. ! Scan of Itigh-Resol High-Contrast Targel
.
: ’
. .
(] . : ‘ . ',y
. ’ !

) LA
D and Approved For Release 2012/10/16 : CIA-RDP79B00873A000800020088-9

e




Torget Dascription = Grovp 6 Torget Dascription = Group 7
23599 Scon Spaed (mm/min) = 0.25mm‘min Scan Speed {mm/min) = 0.10mm /min
Chort Speed (in‘min) = 4 inmin Chort Speed (in/min) = 4 in/min
2od Chort tncrement = 1in. = 6250 Chort Increment < lin e 2
.
A 3
3
2154 '
A W 5
° §
&
1.0
o] 0.5 =4
. =
61 6-2 6-3 6-4 6-5 8-1 7-1 1-2 7-1 7-4 7-5 7-86
Group - Element
Figure 1. Microdensitometer Scan of High-Resolution, 1ligh-Contrast Target (cont'd.)
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Target Description  ~ Group 8 Torget Description - Group 9
Scan Speed (mm/min) ~ 0.05mm min Scan Speed (mm/min) - 0.05 mm/min
Chart Speed (in/min) = 4 in/min Chart Speed (in/min) = 4 in/min
Chart lncrement = Vi = 125, Chart Increment - Vino = 1250

Density Scale

30

8-4 8-35 8- 91 9-29-2 9-4 9-59-4
Group ~ Element

Figure 4, sean of High- High-Contrast Target (cont'd. )
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met by groups 4 and 5 of the target (16 through 57 line pairs per millimeter) and cor-

responds to a contrast ratlo of 100:1,

All commercially avallable* high-resolution, high-contrast targets deteriorate
rapidly in terms of density difference or contrast for the higher resolution elements.
This deterioration i8 a result of the expense and technology required to maintain a high
and fairly uniform co;llrasl. Therefore, most manufacturers have established specifica-
tions which meet the Mil-Stds for lower resolution elements and are also applicable to

the higher resolution elements.

The target included in this test kit 18 specified by the manufacturer as having a
contrast of approximately 20:1 or greater, which 18 thelir standard high-contrast, high-
resolution target specification. This contrast ratlo corvesponds to a density difference,
\f, of approximately 1.3, which Is applicable to resolution groups 4 through 8 as shown
In Figure 4. Further increases in the contrast of group 9 would probably iequire a

special development program by the target manufacturer at additional cost.

Based upon the te-t results, tho target is deemed acceptable by the contractor
since it mects the manufacturer's specifications. lowever, recommendations concern-

ing the requirements of high-resolution targets are given in Section IV of this report.

10. TKC 11 — High-Resolution, low-Contrast Target; Thoe target format and

specifications are Identlcal to TKC-10, with the exception that this is a low-contrast
target. The selectlon of this target was based upon mutual agreement hetween the con-
tractor and the sponsor's technical representatives.  Tests performed by the contractor

are identical tc those performed for TKC-10,

The subjcctive tests indicated that all resolution elements could be Identified as
three-bhar groupings including clement 9-6, 912 line pafrs per millimeter. The target

is considered to he subjectlively acceptable.

The objective test results arce shown in Figure 5. The manufacturer's specifica-
tions for the low-contrast target requive a 0.3 density difference 10, 05 as measured at

the 64-1ne-per-millimeter element with: a microdensitometer.  The results of the den-

*Asruming targets readily avallable as off-the-shelf items at a cost not exceeding $5090. 00,

22
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Figare 5. Mier Scan of 1Hgh Low-Contrast Target (cont'd.)
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Scan Speed (mm/min) - 0.05mm/min Scon Speed (mm/min )
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Figure 5. Microdensitometer Scan of High-Rerolution, Low -Contrast Target (cont'd.)
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sity profile given in Figure 5 indicate that this requirement has been fulfilled and the
tavget is therefore considared to be acceptable by the contractor. Again, however,

recommendations concerning the requirements of high-resolution targets are given in

Section 1V of this report.

11. TKC 12 — Astigmatism o+, Orthogonality Target: The astigmatism and ortho-

gonality target contains 29 cros.:' ac elements positloned as shown In Figure 6.

Acceptance tests were performed on this target to determine the accuracy of the
crossline psoitions using a David W. Mann Comparator with a measurement accuracy
of £+ 1 micrometor.

The results of these tests are given in Table VI. The actual (measured) crossline
poslitons are compared to the specified positions. As Indicated, the maximum error
is found to he 4 micrometers. Therefore, the actual target tolerance is + 4 microm-
eters, which is within the 0. 0002-inch (approximately +5-micrometer) accuracy speci-
fled.

Bascd upon this measured error in arossline position, the accuracy of the larget
can he determined in terms of orthogonality. The orthegonality can be defined in terme

of the Y and Y positioned crrors as follows:
0, = tan=! AN AY
where @, = orthogonality crror in seconds of arc,
\\ = Y crosslino position error for selected crossline,
\}) =actual ¥ crossline position, since target is centered at Y = 0,

‘“thevelore, for the maximum Y crossline position (coordinates 0, 44. 450 millimeters),
the maximum error fn X position relates to an orthogonality errov of

o tan=! ANCAY
0, s tn=l 0
#, = I8R5t second of are

This is within the proposed orthogonality accuracy of 0.5 minute of arc.

26
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(x, y) COORDINATES ARE GIVEN IN THE DRAWING FOR
REFERENCE ONLY AND ARE NOT TO BE PRINTED
ON THE TARGET PLATE.
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PLATE DIMENSIONS: 40 x 40"

1" x 1" GRAY AREA ABOVE ENLARGED
TO 10X AT LEFT

4 0C02"* POSITIONAL ACCURACY AT
EACH CROSS POINT
.0002" LINE WIDTH THROUGHOUT

'

Figure 6. Astigmatism nnd Orthogonality Target
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12. TKC 13 — Transparent Scale: Tho transparent scale s 3, 0 millimetors in

length and haa a speoified precision of 0,01 millimeter. A microdensitomeler scan of
tho scale yvielded an accumulative error across the 5. U-mallimeter length of less than
3 micromelcrs. Ti.» maximum ermor for a single line position was found to bo less
than 3 micremeters.

The test results indicate that the target meets all specifications. The micro-

dengltometar anatog data charts are not included In this report due to thelr overall

leagth,  tlowever, they ave avallable to the sponsor upor. request,

13,  TKC 13 — Stage Micromceter: The stage micromcter scale 18 2, 0 millimeters

In length and bas a gpeeified precision of 0, 01 millimeter. A microdensitometer scan

of the scalu yiclded an accumulative error across the 2. 0-miilimeter length of lvss

than 3 micrometors. The maximura eriar for the U, -millimeter Jivislon lines ‘van

found to be 3 micrometers.

The lest results indicate that the taiget meets all specifications. "The microdensi-
tometer analog data charts are not {+cluded i this report due to their overall leagth,

They ave avallable to the sponsor upon request.

14. TRC 16 — BMctal Scale: Thi- omponent {u a satin-chrome, spring-tempered
metal seale 50 ¢entimeters In length will four separate sonles and précisions as listed

below.

Seale Llrgeision
50 milli-neter 0.5 mm

80 millimeter .o mm
19-1/¢ inch 1, 32 inch
19-1/2 Irvh 3 54 imch

The accuracy of this sonl: waw tested using & height gage end ¢calibrated ke gage
blocks. ‘The results of this tust are listed in Table vi1. A review of these resulls sadi-
cates thal the maximum error found on the 1/64-inch scalc 18 0,411 inch.  The masi-
mum error on the 1/2-millimeter sealn s 0. 01 millimcter. Therefore, the scale e
all specifications, as indicated by the test resuits, and is aceaptable te the coatragine.
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TABLE VII, MEASUREMENT DATA FOR 50-cm METAL SCALE

1/64-inch Sealo
Reading Mock

{inches) __ Valucs

i 0. 000 Start
1. 000
1.999
2,099
4. 000
5.000
6. 000
7.000

7.009

10. 000

14. 001
15. 901

16. 000

1/2-mm Seale
Reading

—{mm)

10

100

200

ang

490

Block
Values

0. 09 Start
99,09
200. 00
300. 09

400. 00

Declassified and Approved For Release 2012/10/16 CIA- RDP79800873A000800020088 9
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15, TKZ 19 = Vernicr Calipers: Tho vernler calipers are made of hardened

stalnless steel *vith two chroma-plated scales. One scale has 16-millimetor length
with a precis'on of 1/20 millimeter. The other scale han a 6-1/2-Inch length with a
precision ot 4,001 [ Jh,

Acceptance tests wero performed on the Inch ceale to detormine its accurany at
13 randomly sclcected increments,  Apaln, lloke gage blocks were used as the standarc
of measure. The maximum crror found was less than 0. 001 inch, as read visually.
Therefore, the vernler calipers meet all specifications and are acceptable to the con-

tractor.

16. TKC 20 — I}al Indicator: The dial {ndicatlor has a 1aage of 0,2 inch with a

precision of 0. 001 Inch. Acceptance tests were performed to determine the accuracy

of the indicator valueg, using calibrated Hoke gage blocks and a flat surface plute.

The recrults of these tests are given in Table VIIl.  The maximum error was found
to be 0.0009 inch, which is within the specified tolerance of the dial Indicator. The dial

indlcator ie acez2ptable to the contractor.
TABLE VIII. MEASUREMYNT DATA FOR DIAL INDICATOR

Dial Indicator
Block Values — Reading
0 0
0. 1000 0. 0997
0. 1500 0. 1491
0.1100 U. 1098
L1290 0. 1200
. 1300 0. 1300
. 1400 0. 139¢
. 1050 0. 1051
L1150 0. 1150
. 1600 . 1592
L1750 L1744
. 1900 . 1803

T..QeclssifiedandApproved For elease 201/1/1ti: CIA-R P79800873A00080 020088 9
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17. TKC 24 — Stop Watch: Tho stop watch has a thine capacity of 30 minutes and n

precision of 1/10 second. The acceptance tost utilized for the stop watch consisted of

a timo comparlson against the National Bureau of Standards radio statlon WA\VY.  Six
timo checks wero raado and the maximum crror was found to he 0.2 second.  This error
Included both the watch error and the human reflex error for times of onc-minute dura-
tion. Tho watch i8 consldered to Lie aceeptable by the contractor since the reflex error

Is significant,

18. TKC 25 = Ligne Moter: The light meter {8 a standard Weston Master V Unlver-

sal Exposure Mcter. Its purpose 1s to indicate general light levels rather than miake

precislon {llumination measurements. Therefore, its ability to be calibrated against
a standard source and provide repeatable readings 18 of greater importance than watch-

{ng the general converslon specifications of the manufacturer,

The acceplance test peogram was designed to determine these frctors using a cali-
brated tungsten-halogen 1000-watt lamp which 18 traceable to the Natlonal Burcau of
Standards. The color temperature of the lamp is 3200°K, and the calculated meter-
candle equivalents are hased upon known tflumination values of a diffuse white surface

placed at a given distance fron. the calibrated source.

RN Y R

The results of this test progrant 2re shown in Table IX. As indicated from these
results, the posit for 11 which the t;m'tv‘:rlsplaccd during the mcasurement significantly
affects the meter reading. However, the importance of this difference in reading due
10 position cannot be eslablished at this time. First, ithe intended use of the meter
speclifies that it will always be in the horizontal position. Second, the calibration values
upply only to the contractor's source and test sctup, whereas the intended use specifies
that the meter be calibrated against a standard light meter owned by the sponsor and
located in the spensor’s testing facilities. Therefore, the different position values given
are intended to emphaslize to the sponsor the importance of utilizing the meter as des-

eribed in the Opt ~al Test Kit Procedures Manual rather than to test its accuracy.

The values given within the horizontal position columns of Table IN were found to
be repeatable and can be used to callbrate to the coatractor's test setup.  Based upon
this result, the mater is acceptable to the contractor. llowever, further recorymenda-
tions regarding its use will be glve.l in Szction TV of this report.

31
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TABLE IX, MEABUREMENT DATA FOR WESTON MASTER V METER
(Model 748, Seria No. 282PN)

Values Ui Meter-candles For Diferent Meter Positlons

Meter Weston Low Endof High Lind of Meter Vertical
Readings Standard Scale Down Scale Jwn Scale Up

Meter lforizontal

1537 1014

083 34

456 414

300

205

144

17

63

46

3

22
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10. TKC 31 - Step Tablet: ‘The step tablet contains 21 steps with a density range

from 0.5 to 3. 00 {n density increments of 0. 15 £ 0. 03,  Density measurcinents wero
taken using n Macbeth TD-102 densltometor to determino the accucacy of the density

steps,

Tbe results of tho denslty measurements aro given in Table X  The maximum

density orror I8 0, 03, which mects the speceifications of the manufacturer.

AP L g N 7

B. CLASSII INSPECIION

Lo o

An outline of the methods and results of the Class 11 inspectlon Is given in Table X1,

———r -

Each of the component tests §8 described in the followlng discussion, using the TKC

numbers as the component reference.

1. TKC 8 - Large-Ficld Grids: ‘Iwo sets of large-field grids are .ncluded in the

R

test kit, The two scts are {deutical in grid formats, but one has a 9 x 9-inch area and

the nther has a 4 x 5-inch area. The accuracy of the grid formats was measured using

7

the previously tested 50-centimeter scale (TKC-16).

For the 9 x 9-inch grids, the maximum linn-gpacing error in one direction was
0. 005 tnch, while the maximum line-spacing error perpendicular to this was 0. 006 Inch.
For the 4 x H-tnch grids, the maximum line-spacing crrot in one direction was 0. 003
inch, while the maximum line-spacing crror perpendicular to this was 0. 003 inch. In
every case, the measurced error is iess than the specified precision of 0. 1 inch and

0.2 Inch, for cach of the grids.

2. TKC '4 = Translucent Scale; The translucent scale consists of a plastic tape

-

scale in firm contact with a glass sli‘de. The scale provides acceplable precision lor

large area meacurcments at very low cost.

Lo
R

]
o
;
P
i

The scale has a 19-centimeter length with a precision of 2. 0 millimeters.  Acecep-
tance ¢~ 8 were performed t4 measure the accuracy of this scale, using the 50-cm

metal scale (TKC-16). Comparison of the scales indicated a maximum error of 1/5 of

a divislon on the translucent scale over a length of 15 centimeters. This corresponds

to an erior of 0. 04 millimeter, which (s within the specified 2. 0 millimeter precisfon.

Gy T 4 et
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TABLE X. MEASUREMENT DATA FOR STEP TABLET

Step Specified Meagured
Number Density Density

] 0. 05 0.05
0.21
0. 37
0. 51

0.067

0.83

0,07
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TABLE XI. CLASS il INSPECTION OUTLINE

Component Method of
_Description Inspection_ Precisiu

Large-Fleld Agairst 0.i in,
Grids 50-cm Scale 0.2 in.

Translucent Against 2.0 mm
Scale 50-cm Scale

15-cm Scate Against 1/2 and
50-cin Scale 1 mm

1/64 and

1/32 in.

S ,%%

P

Measuring Agalnst 1/16 in,
Tapo 50-cm Scale

turface Laboratory 2*F
Thermometer Thermometer

‘I'ension iaboratory
Tester Welghts

3. TKC 17 — Machinist Scale: This component {8 a satin-chrome, spring-tempered

I
{ g
b
¢
J
:,

metal scale 15 centimeters in length with four separate scales and g.recislon as listed

below.

IR

Scale Precision

15 centimeter 0.5 mm
15 centimeter 1.0 mm
fi inch 1/32 inch
¢ Inch 1/64 inch

The accuracy of this scale was tested using the 50-centimeter metal seale (TKC-i6).
Measurement crrars could not be observed even under a 5X magnification. The 15-
centimeter seale accuracy I8 accepted as having the same accuracy as that listed for

the 50-centimeter seale given in Table VILL

: &
P . .
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4. TKC 18 = Tare Muasuroi A 6-fuot 1..rac.able tapo measure with a precislon

ol 1/16 fnch 18 provide In tho test kit. Tho accuracy of tho tape was tested against thoe
50-cm metal scale (TKC-16), and no visiblo orrors were cbsorved. Again, the accuracy

18 nccepted as equivalent to that of the 50-cm neale given in Table VIL

6. TKC 21 — Surfaco Temperature Thermometer: The aurfaco temperature thor-

momotor I8 a circular disk of 2-fnch dlameter with a temperature measurement range

of 0 to 300°F and a preciston of 2*F,

The surface temperature therrometer was tested againal several laboratory ther-

raometers uscd by the contractor In a laboratory facility, The results of the tests indi-
cated a maximum crror of 2°t* at ambicnt temperature. This was considered acceptable

by the contractor.

6. TKC 22 — Tuension Tester: The tenston tester was included in the test kit upon

request of the sponsor for the purpose of measuring ftlm tenslon. It has a 12-pound
spring scale with a preciston of 2 ounces and a G-kilogram scale with a precision of

0. 05 kilogram,

The accuracy of the tenslon tester was measured using standard labotatory welights

which were randomly selected. The maximum error was determined to be 1/2 of the

S e A b w

smallest kilogram division, which corresponds to approximately 0.03 kilogram or less

than 2 ounces. The accuracy of the tension tester is acceptable to the contraclor.

e ot *

C. CLASS Il INSPECTION

All test kit components inspected under Class 1T inspection procedures were found
to be aceeptable. This included all components listed in Table XI1.  The outline given
in this table is self-explanatory and the components listed are readily recognizable, so

that a detalled description will not be given.

. VIR Ly i . o T i et atade: il
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TABLE XII,
Component
TKC Description
23 lHole Punch
20 Hluminator
27 variable
Angle
. Reflector
n
ol | “ 28 Polarizing
sty
& Filter
: 29 Spretral
v Fdters
’ 30 Neutral
Density
Filters
32 l.ens Brush
33 tHand
Magnifier
34 Flashlight
35 Casc
36 ()ass Plates

Approv

P
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CLASS I INSPECTION OUTLINE

Method of
Inspection

Visual

Visual

Visual

Visual

Visual

Visual

Visual

Visual

Visual

Visual
and Fit

Visual

37
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Bgripditinces. ‘q-wn/n-m‘ Ronaar amuadl

Accuracy Precision
N/A -
N/A -
N/A -

Closc to -
=~ 2%

N/A -
+ 0,05 -
N/A -
2X .-
N/A -
N/A -
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SECTION 1V

SUMMARY AND RECOMMENDATIONS

‘Tho components inch ded in the - *ica) equipment test kit wore sclected to meet

the sponsor's acceptance testing requirements for largo optical systoms and to provide

this capability at a reasonable cost to the sponsor,

Throughout the development program, the contructor and the sponsor’s technical

representatives have conferred on the selection of tho components, the testing proce-

dure requirements, and the preliminary aceeptance testing procedures that were per-

formed by tho contractor. In addition, several mectings were held to review the pro-
gram status, Including preliminary acceptance tests performed by the sponsor's tech-

nical representatives at the cestractor's {acllities.

In concluslon, the final phase of this program required the contractor to deliver
the following items, in addition to this report, to the sponsor‘s technical represeuta-

tives:

1. Optlcal equipment test kit, and

2. Optical equipment test kit procedures marnual.

Subsequent to this pregram, the sponsor's technlcal representatives will have to

evaluate the abllity of the test kit components and the procedures manual to meet thelr

acceptance testing requirements. During the period of this evaluation, it I8 recom-

P )
tllnd

mended that the sponsor's technlcal representatives glve particular attention to the

follow!ig ftems.

et

1. lligh-Resolution Targets: The two targets included in the test kit were found

H to have a considerable change in contrast between group 4 and group 9, 16 line pairs

pes millimeter through 212 line pairs per millimeter. Although they meet the manu-
facturer's specifications, as shown by the microdensitometer results, and are visually

acceptable, they do not meet the high- and low-contrast gpecifications of Mil-Std-150A

l l ov: r their entire resolution range.

S
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Based upon these results, it is recommended that the sponsor initiate a high-resolu-

tion target development program, either internally or externally, to include:

a. Evaluation of the applicability of the high~ und low-contrast specifications,
as given in M!--Std-150A, to the resolution requirements of high-power optical instru-

ments;

b, Establishment of the acceptable contrast requirements for high- and low-
contrast targets — speocifically, the acceptable tolerance for contrast changes ovev the

entire range of the target;

o. The initial development of a prototype target that meets these contrast
specificationd. If performed externally, this may require a contractual agreement for

acceptance «f the best effort on the part of the contractor.

2. Orthogonality Target: The development of this target was based on fulfilling

orthogonality accurasy requirements of 30 seconds of arc. The target inoiided In the
test kit meets theso requirements. However, it may be possible to develop an ortho-
gonality target, based upon the source method used in the development of this target,
with a higher accuraocy in terms of fewer seconds of t.r¢. However, this type of target

would be recommend:>4 for use In laboratory facilitinos rather than for fleld testing.

3. Illumination Meter: The Weston Master V Universal Exposure Meter must be

used in strict conformance to the operational procedures outlined in the test kit manual.

In addition, it must be callbrated by the sponsor's technical representatives to the stand-

ard meter owned and operated by the sponsor, If the meter calibration requirement
cannot bo fulfilled, it i8 recominended that another type of meter be utilized in subse-
quent test kits. The meter included in this kit was sclected in an attempt to fulfill
dimensional requirements of thn west kit at a reasonablo cost to the sponsor. Other

types of meters with higher accuracy are avallable but at a much higher cost.

4. Prototype Package: Throughout the development of the optical equipment test
kit, every offort was made to minimize the dimensional slzc of the kit to provide maxi-
mum portebility. The goul was to design a package that could accompany tho sponsos's
technleal representatives aboard an alrplane and fit undor a standard airline passenger

szat. However, the amount and size of the egnipmeni presently included in the kit does

39
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N not allow for this inax:mum portability goal to be realistic. The present size of the kit s r -
IJ {8 approximately twice the sizo required for maximum portability.

Therefore, it is recommended that the sponsor's technical representatives establish

“ an cquipment priority list that can be utilized in the development of future kits if a reduc-
tion in the test kit sizo {8 required.

AR A

” 5. Diopter Telescope: The teet results of the diopter telescope, given in Section

II1 of this report, indicate that its depth-of-focus may not be catisfactory for use in the
measurement of focus position for high-power optical systems. If the sponsor's techni-
cal reps-2sentatives require future focus position measurementn, such as in a develop-
ment program for the measurement of astigmatism, distorticn, or chromatie ahberation,

it will be necessary to include in the program: (1) An evaluatlon of the focus measure:-

ment capabilities of present diopter telescopes on the sponsor's ontical viewlng systeins,

and (2) conslderation toward the possible deslgn requirements and development of a

I diopter telescope that would meet focus measurement specifications for the measure-
I ment of optical abberations.

D
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